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IM PROVEMENTS IN OR RFJ^ATmO TO T JQUTT) TRVf^T AL DISPLAYS 

This invention relates to a liquid crystal display, to a method of manufacturing a liquid 
crystal display, and also to apparatus to aid manufacture of a liquid crystal display. 

Generally, displays for reproduction of information have historically been of a cathode ray 
tube type construction. In an environment where space is limited traditional displays were 
typically manufactured to be square, or square with rounded comers, in order to make the 
best use of the limited space available. 

Liquid crystal displays are cunrently considered as suitable substitutes for applications 
previously requiring cathode ray tube technology. The replacement of cathode ray tubes can 
be either for new applications or for the purpose of upgrading existing technology through 
retrofit design. When manufactured in large quantities, liquid crystal displays are of modest 
cost compared with an equivalent cathode ray tube. 

However, when liquid crystal displays need to be custom made in relatively low numbers to 
suit specific requirements, the cost per unit is very high due to expensive tooling and 
manufacturing charges. Furthermore, manufacturing yield rates are low, high pixel defect 
levels have to be tolerated and there are substantial delivery delays. 

It is an objective of the present invention to facilitate the production of custom made liquid 
crystal displays. 
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According to a first aspect of the present invention, a method of manufacturing a liquid 
crystal display having a liquid crystal sealed between first and second parallely spaced 
transparent plates which form an operative area of the display, comprises removing an 
excess region of a pre-manixfactured liquid crystal display by forming a first groove in the 
first plate of sufficient depth to isolate the excess region of the first plate, fracturing the first 
plate along the first groove, forming a second groove in the second plate of sufficient depth 
to isolate the excess region of the second plate, the second groove being substantially 
aligned with the first groove, fi-acturing the second plate along the second groove, and 
removing the excess region of the first and second plates to expose fi^ctured edges along 
the operative areas of the first and second plates. 

Preferably, the method may include sealing the exposed fractured edges to retain the liquid 
crystal between the first and second plates. 

In the case where conductive layers are adhered to the first and second plates and are 
electrically connected to driver connections, the method may also include cutting and 
removing any driver connection associated with the excess region prior to forming the first 
or second grooves. In the case where light polarising substrates are adhered to the first and 
second plates, the method may include cutting and removing a narrow strip of the light 
polarising substrates in a region either side of where the groove associated with each plate 
is to be formed. The method, may fiirther include fracturing each grooved plate by placing 
the other plate on a ridge corresponding with the groove and applying pressure to the excess 
region. 
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Alternatively, the method may include removing an excess region from at least two pre- 
manufactured liquid crystal displays to leave exposed fractured edges, aligning and 
positioning the exposed fractured edges of one of the liquid crystal displays with the 
corresponding exposed fractured edges of an adjacent liquid crystal display, and laminating 
the liquid crystals displays to form a single display v^rith increased operative area. 

According to a second aspect of the invention, a liquid crystal display comprises a portion 
of a pre-manufactured liquid crystal display having a liquid crystal sealed between first and 
second parallely spaced transparent plates, in which an excess region of the pre- 
manufactiired liquid crystal display has been removed by fracturing both of its transparent 
plates along a common line, and the fractured edges of the transparent plates have been 
resealed to retain the liquid crystal. In this manner a modified liquid crystal display is 
provided as a seleaed portion of a pre-manufactured liquid crystal display. Each fractured 
edge is preferably formed at the bottom of a groove cut in the respective transparent plate 
along the common line. 

A composite liquid crystal display preferably comprises at least two of these modified crystal 
displays supported with their respective fractured edges aligned and abutting. The fractured 
edges are preferably supported in alignment by a transparent lamina adhered over their first 
transparent plates. The fractured edges may additionally be supported in alignment by a 
second lamina adhered over their second transparent plates. 



According to a third aspect of the present invention apparatus, to aid removal of an excess 



15-10-97 M:58 01245 2751 14 

15/10 '97 14:57 FAX 01245 275114 

4 

P/61209/DSD 

region of a pre-manufactured liquid crystal display having liquid crystal sealed between first 
and second parallel spaced transparent plates which form an operative area of the display and 
in which a groove has been formed in one of the plates between the excess region and an 
operative region of the liquid crystal display, comprises a fi-acturing platform having a light 

5 polarising layer located between transparent first and second supporting surfaces, a radiation 

source located to emit radiation through the fracturing platform, a raised region arranged 
on an opposite surface of the fracturing platform to which the light source is located, the 
raised region being arranged to contact a plate of the liquid crystal display in a region 
corresponding to the groove in the other plate, and a light polarising layer disposed between 

} a viewer's eye position and a Hquid crystal display located on the fracturing platform. In this 

manner a viewer observes the liquid crystal display as a dark area and when the viewer 
applies pressure to the excess region any fracture in the grooved plate appears as a light 
area. 
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The operative area of the Kquid crystal display may be clamped to the fracturing platform 
whilst leaving the excess region freedom of movement. The raised region may be a ridge. 

The invention will now be described, by way of example only, with reference to the 
accompanying drawings, in which: - 



Figure 1 is a diagrammatic cross-section through a conventional prior art liquid crystal 
display taken along the line I-l in Figure 2; 
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Figure 2 is a plan view of the pre-manufactured liquid crystal display illustrated in Figure 1, 
but showing the removal of an excess region along its right-hand edge; 

Figure 3 is an underplan view of the liquid crystal display illustrated in Figure 2* 

5 

Figure 4 is a plan view similar to Figure 2, but shoAving the removal of excess region along 
its right-hand lower comer; 

» 

Figure 5 is a plan view of a pre-manufactured liquid crystal display that has been processed 
by removing a first excess region along its right-hand edge and a second excess region along 
its bottom edge to provide a decreased display area; 

Figure 6 illustrates the processing of four pre-manufactured liquid crystal displays, each 
similar to that shown in Figure 5, to provide an increased display area, and 



Figure 7 is a diagrammatic side elevation of apparatus for aiding removal of an excess area 
of a pre-manufactured liquid crystal display. 



The inventor has determined that, contrary to the present understanding of the nature of 
liquid crystal displays, the highly complex electronic and physical structure of such displays 
can be re-manufactured to provide alternative shaped displays at a much reduced cost per 
unit, when compared with the cost of a custom made display, and without substantial 
damage to the display. Typically, a liquid crystal display comprises a liquid crystal sealed 
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between first and second parallely spaced transparent plates which form an operative area 
of the display. In such a display there is an miniscule spacing between the plates. The 
inventor has discovered that this spacing, when the plates are re-manufactured, exerts a 
capillary action on the liquid crystal which retains the liquid crystal between the plates 



In Figure 1, a typical liquid crystal display 10 comprises liquid crystal 1 1 trapped between 
first and second parallely spaced transparent glass plates 12, 13 by an ultra-violet cured 
adhesive seal 14. Patterned light polarising substrates 15, 16 are respectively adhered to the 
outer surfaces of the glass plates 12, 13, Very thin conductive layers 1 7, 1 8 are respectively 
coated over the inner surfeces of the glass plates 12, 13 and are used to generate an electric 
field between corresponding portions of the conductive layers 17, 18 to cause the liquid 
crystal 11 in the field to rotate and block light from passing. No light can pass the rotated 
electric crystal within the electric field and a viewer will observe a dark area corresponding 
to the shape of the electric field. By controlling a plurality of such corresponding portions 
of the conductive layers 17 and 18, the liquid crystal display 10 can be operated to convey 
information to the viewer. 

As will be seen fi-om Figures 1 and 2, the glass plate 13 and its associated conductive layer 
18 are larger than the glass plate 12 so that they extend to the left towards a vertical driver 
card 19, and upwards towards a horizontal driver card 20. A series of TAB s 21 electrically 
interconnect the driver cards 19 and 20 with the various portions of the conductive layer 18 
and the conductive layer 1 7 in well-known manner so that the driver cards 1 9, 20 will 
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determine which portions of the conductive layer 18 are to be energised. 

Figure 3 shows the reverse side of the liquid crystal display 10, the reverse side of the 
vertical and horizontal TAB driver cards 19 and 20, and the light polarising substrate 16, 

In Figures 2 and 3 the required width of the final liquid crystal display 10 is indicated by a 
solid line 22 and is achieved by removing an excess region 23 of the liquid crystal display 10 
in the following manner. W^th reference to Figure 2, one of the vertical driver cards 20 is 
cut, using any suitable cutting apparatus, along a line X-X which is located just outside an 
operative region 24 of the liquid crystal display 10 that is to be retained. The vertical driver 
card 20 may be held in an unshown support fixture and a fine tooth saw be used to cut 
through the vertical driver card 20 along the line X-X. This cut must be beyond any tracking 
associated with connections to the operative region 24 that is to be retained. Any rough 
edges can be filed to prevent any track cut fi-om shorting. 

The portion of the vertical driver card 20 for the excess region 23 is then removed by 
disconnecting the corresponding TABs 21 using a suitable solvent or heating process. In 
this manner the removed portion of the vertical driver card 20 and associated TABs 21 are 
not damaged and can be retained for potential repair use. 

A narrow strip of the light polarising substrate 15, defined by the solid line 22 and a 
parallely-spaced line 25 on the opposite side of the line X-X, is then removed using suitable 
cutting apparatus which will not damage the exposed portion of the underlying glass plate 
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12. For example, a scalpel can be used to cut along the lines 22, 25 so that the narrow strip 
of the light polarising substrate 15 can be peeled off to expose the glass plate 12 which is 
then cleaned to remove all traces of the adhesive that was used to bond the strip of the light 
polarising substrate 15 to the glass plate 12, 

A groove is then formed in the glass plate 12 along the line X-X of sufficient depth to 
promote the generation of a fracture along the length of the groove when pressure is applied 
to the excess region 23. This groove can be formed using a scribe, a machine tool set to 
machine a controlled depth, or a diamond wheel cutter. An apparatus used to aid removal 
of the excess region 23 is described below with reference to Figure 7. 

The liquid crystal display 10 is then reversed to expose its opposite surfece as shown in 
Figure 3. A narrow strip of the polarising substrate 16 is removed from cither side of the 
line X-^X to expose a r^on of the glass plate 1 3 . The process of removing the narrow strip 
of the substrate 16 is the same as that already described for the removal of the narrow strip 
of the substrate 15. The exposed portion of the glass plate 13 is then cleaned to remove aU 
traces of the adhesive that was used to bond the strip of the light polarising substrate 16 to 
the glass plate 13. A groove is then formed in the glass plate 13 along the line X-X of 
sufficient depth to promote the generation of a fracture along the length of the groove when 
pressure is applied to the excess region 23. This can again be achieved by using the 
apparatus that is described below with reference to Figure 7. 



By fracturing the glass plates 12 and 13 along the line X-X, the excess region 23 of the 
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liquid crystal display 10 can be removed to expose the fractured edges of the glass plates 12 
and 13. The minuscule spacing between the glass plates 12 and 13 generates a capillary 
action which arts on the liquid crystal 1 1 and serves to retain the liquid crystal 1 1 between 
the glass plates 12 and 13 so that no appreciable loss or disruption of the liquid crystal 1 1 
5 occurs. 

The process of removing the excess region 22 can create minute voids in the liquid crystal 
11, particularly if the fractured edges of the transparent plates 12 and 13 do not coincide. 
Provided the fractures form a clean break, these voids rapidly disappear. Gentle pressure 
10 applied to the glass plates 12, 13 can also be used to eliminate some voids and manoeuvre 

persistent voids to the fractured edges and hence out of the liquid crystal 11. Positioning 
the line X-X along which fractures are formed further away from the operative region 24 
reduces the risk of voids or bubbles being formed. 

15 Although the glass plates 12 and 13 could be cut right througji along the line X-X, this 

would very much increase the danger of contaminating the liquid crystal 1 1 in the operative 

li 

W region with particles of glass and cutting fluid. By only partly cutting through the glass 

plates 12 and 13, such contaminants can be positively excluded from contact with the liquid 
crystal, and the glass plates 12 and 13 can be cleaned before being fractured along the line 
20 X-X. If desired, the grooves in the glass plates 12 and 13 can be formed simultaneously by 

feeding the liquid crystal display between a pair of diamond wheel cutters, thereby also 
ensuring that the two grooves are parallely aligned. Irrespective of whether the grooves in 
the glass plates 12 and 13 are formed separately or at the same time, the fractured edges of 
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the glass plates 12 and 13 are sealed by applying a bead of ultra-violet curing liquid crystal 
display sealant adhesive, and then curing with an ultra-violet light source. This process 
provides a liquid crystal display 10 having a reduced operative region 24 without the need 
to commission the production of a custom display by a manufacturer. 

5 

Figure 4 iUustrates a modification of the process just described with reference to Figure 2 
to permit the liquid crystal display 10 to be chamfered, that is to have a comer removed. 
The same reference numerals have been used in Figures 2 and 4 to denote equivalent 
features and only the points of difference are now described. The excess region 23 is 
10 removed from the operative region 24 along a line Y-Y which is incUned to both of the card 

drivers 19 and 20. The removal process is exactly the same as described with reference to 
Figure 2 except that there is no need to cut the vertical card driver 20 or to remove any TAB 
21. 



Figure 5 show how the liquid crystal display 10, produced as described with reference to 
Figures 1 to 3, can have its operative r^on 24 reduced stiU further by removing a horizontal 
excess region 26 together with the lower portion if the horizontal card driver 19 and 
associated TAB 21. 



Should a liquid crystal display be required with a larger operative region then, as shown in 
Figure 6, four liquid crystal displays 10 can be prepared as described with reference to 
Figure 5 and can have their respective operative regions 24 combined by aUgning and 
abutting their respective fractured edges 27 and 28, the four liquid crystal displays 10 then 
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abutting their respective fractured edges 27 and 28, the four liquid crystal displays 10 then 
being laminated to form a single display with increased operative area. Such lamination 
is preferably achieved by adhering transparent plates to the entire front and back surfaces 
of the four operative regions 24 using an optically clear ultra-violet cured adhesive. 

5 

The processes described above allow rectangular or square format liquid crystal displays, 
with reduced or increased operative areas, to be produced quickly and cheaply by 
' reshaping standard commercial rectangular shaped displays which are currently produced 

in vast quantity at low unit cost and with high quality. Furthermore, since the shaping 
1 0 process is only limited by the positioning of the cards drivers 19, 20 and the excess regions 

23, 26 to be deactivated, the process could also be used to produce liquid crystal displays 
of other shapes, including chamfered comers as taught by Figure 4, and also L-shaped and 
triangular- shaped formats. 

1 5 The above process is effective for removing an excess region of a pre-manufactured liquid 

crystal display in which the cards drivers are relatively simple in format with only a few 
^ passive devices associated with each TAB. Where a more complex circuitry exists and the 

card drivers cannot simply be cut, the process described above can be limited to the 
technique for cutting the transparent plates, the driver cards then being re-engineered or 
20 re-positioned using flexible circuit extensions. 



Figure 7 illustrates apparatus 31 to aid removal of an excess area 23 from a pre- 
manufactured liquid crystal display 10. As described above, the liquid crystal display 10 



'•♦.yo uit43£f3ii4 P. 16 R-izf Job-012 

7 15; 01 FAX 0 12 45 27 5114 GEC PATEOT DEFT ■ 




12 

P/61209/DSD 

13 which also define an operative region 24 that is to be retained. To aid clarity of Figure 
7, the light polarising substrates and the conductive layers are not shown, and the card 
drivers are also omitted. However, these would typically be arranged as described above 
with reference to Figure 1 . 

A groove 32 has been foimed part- way through the glass plate 12 as described above. The 
apparatus 31 comprises a jfracturing platform 33 having a light polarising layer 34 located 
between transparent first and second supporting surfaces 35, 36. A radiation source 37, for 
instance a light source, is arranged to emit radiation through the fracturing platform 33, A 
raised region, in the form of a ridge 38, is carried by the first supporting surface 25 and is 
arranged to contact the lower glass plate 13 of the liquid crystal display 10 along a line 
coinciding with the groove 32 formed in the transparent plate 12. 

The apparatus also comprises a light polarising layer 39 disposed between an operator's eye 
position 40 and the liquid crystal display 10 which is positively located on the fracturing 
platform 33. 



In operation, the operator observes the Uquid crystal display 10 as a dark area since radiation 
from source 37 is polarised by the layer 34, polarised by the Uquid crystal 1 1 and fiirther 
polarised by the layer 39 As the operator applies pressure to the excess region 23, the glass 
plate 12 will start to firacture along groove 32. As the fracture spreads along the groove 32, 
it will appear as a Ught area against the dark area background of the liquid crystal display 10 
since the thickness of the Uquid crystal 1 1 is different in the regions where fracture has 
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occurred than in those where it has not, varying the degrees of lighting. Radiation will 
therefore not be polarised by the liquid crystal 1 1 along the fi^cture. 

Once a fracture in the glass plate 12 has been achieved, a groove corresponding to groove 
5 32 is formed in the glass plate 13 as has been described above. The liquid crystal display 10 

is then turned over and repositioned on the fracturing platform 33 with the glass plate 12 

contacting the raised edge 38 along either the line of the groove 32 or the line of the 
^ corresponding groove in glass plate 13. Again pressure is applied by the operator to the 

e&ccess region 23 so as to fracture the glass plate 13 along its corresponding groove. When 
1 0 both glass plates 12 and 13 have been fractured along their respective grooves 32, the excess 

region 23 is removed and the gap between the fractures sealed as described above. 



15 
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CLAIMS 



1 . A method of manufecturing a liquid crystal display having a liquid crystal sealed 
between first and second parallely spaced transparent plates which form an operative 
area of the display, comprising 

removing an excess region of a pre-manufactured liquid crystal display by forming 
a first groove in the first plate of sufficient depth to isolate the excess region of the 
first plate, 

fracturing the first plate along the first groove, 

forming a second groove in the second plate of sufficient depth to isolate the excess 
region of the second plate, the second groove being substantially aligned with the 
first groove, 

firacturing the second plate along the second groove, and 

removing the excess region of the first and second plates to expose fractured edges 
along the operative areas of the first and second plates. 



A method, as in Claim 1, including sealing the exposed fractured edges to retain the 
liquid crystal between the first and second plates. 
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4. 



5. 



A method, as in Claim I or 2 and wherein conductive layers are adhered to the first 
and second plates and are electrically connected to driver connections, including 
cutting and removing any driver connection associated with the excess region prior 
to forming the first or second grooves. 

A method, according to any preceding claim and wherein light polarised substrates 
are adhered to the first and second plates, including cutting and removing a narrow 
strip of the light polarising substrates in a region either side of where the groove 
associated with each plate is to be formed. 

A method, as in any preceding claim, including fi^cturing each grooved plate by 
placing the other plate on a ridge corresponding with the groove and applying 
pressure to the excess region. 

A method, as in Claim 1, including removing an excess region fi^om at least two pre- 
manufactured liquid crystal displays to leave exposed fractured edges, aligning and 
positioning the exposed fi^ctured edges of one of the liquid crystaJ displays with the 
corresponding exposed fi-actured edges of an adjacent liquid crystal display, and 
laminating the liquid crystal displays to form a single display with increased operative 
area. 



7. 



A method, according to any preceding claim, including forming the first and second 
grooves simultaneously. 
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A method substantiaUy as illustrated in and/or described with reference to any of the 
accompanying drawings. 

A liquid crystal display manufactured by the method of any preceding claim. 

A Hquid crystal display comprising a pre-mamifactured Uquid crystal display having 
a liquid crystal sealed between first and second paraUely spaced transparent plates, 
in which an excess region of the pre-manufectured liquid crystal display has been 
removed by fracturing both of its transparent plates along a common line, and the 
fractured edges of the transparent plates have been resealed to retain the liquid 
crystal 

A liquid crystal display, according to Claim 9, in which each fractured edge is formed 
a± the bottom of a groove cut in the respective transparent plate along the common 
line. 

A composite liquid crystal display comprising at least two Uquid crystal displays in 
accordance with Claim 10 or 11 supported with their respective fractured edges 
aligned and abutting. 



A composite liquid crystal display, according to Claim 12, in which the fractured 
edges are supported in alignment by a transparent lamina adhered over their first 
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transparent plates. 



14. A composite liquid crystal display, according to Claim 13, in which the fractured 
edges are additionally supported in alignment by a second lamina adhered over their 
second transparent plates. 

15. A liquid crystal display substantially as illustrated in and/or described with reference 
to any of Figures 2, 3 or 4 of the accompanying drawings. 

16. A composite liquid crystal display substantially as illustrated in and/or described with 
reference to Figure 5 of the accompanying drawings. 

17. A composite liquid ciystal display substantially as illustrated in and/or described with 
reference to Figure 6 of the accompanying drawings 

18. Apparatus, to aid removal of an excess region of a pre-manufactured liquid crystal 
display having liquid crystal sealed between first and second parallel spaced 
transparent plates which form an operative area of the display and in which a groove 
has been formed in one of the plates between the excess region and an operative 
region of the liquid crystal display, comprising 

a fracturing platform having a light polarising layer located between transparent first 
and second supporting smiaces. 
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19. 



20. 



a radiation source located to emit radiation through the fracturing platform, 

a raised region arranged on an opposite surface of the fracturing platfonn to which 
the Hght source is located, the raised region being arranged to contact a plate of the 
Hquid crystal display in a region corresponding to the groove in the other plate, and 

a Ught polarising layer disposed between a viewer's eye position and a Uquid crystal 
display located on the fracturing platform. 

Apparatus, as in Claim 18. wherein the operative area of the Uquid crystal display is 
clamped to the fracturing platform whilst leaving the excess region freedom to move. 

Apparatus, as in Claims 18 or 19. wherein the raised region is a ridge. 



21. 



Apparatus, substantially as illustrated in and/or described with reference to the 
accompanying drawings. 
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ABSTRACT 



A custom made liquid crystal display is formed from a pre-raanufactured liquid crystal 
display (10) by removing an excess region (23). The driver card (20) is cut along the line 
X-X and the excess TABs are disconnected from the conductive layer (1 8), A narrow strip 
is removed from each of the polarising substrates (15, 16) between the lines (22, 25) to 
expose their associated glass plates (12, 13). A groove (32) - see Figure 7 - is then cut into 
the exposed surface of each of the glass plates (12, 13) along the line X-X. Each glass 
plaie (12, 13) is then fractured along the base of its groove (32) so that the excess region 
(23) is detached from the operative region (24). The fractured edges of the glass plates 
(12, 13) are then sealed by applying a bead of ultra-violet curing adhesive. 
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